ABSTRACT: A Pleistocene channel-levee system located in a structurally complex area of the offshore Nile Delta is studied using a high-resolution three-dimensional (3D) seismic dataset. The seismic facies and stacking patterns are characterized and quantitative analysis of its morphology (e.g., thalweg longitudinal profile, relief, width, and levee thickness) is utilized to understand the controls on channelized-flow processes and resultant architecture. Overall a change downslope from a degradational to aggradational style is observed, which can be related to the concave-up slope profile. In comparison to other channel-levee systems the Noor has a shorter length scale and displays a steepened thalweg slope. This is interpreted to be influenced by structural movements and an associated knickpoint, which controlled a change in flow processes (e.g., velocity, turbulence, and thickness) and the associated location of the canyon to channel-levee transition zone. An unusual feature of downslope levee thickening is observed. Instead of the normal reduction in overbank sedimentation downslope, it is suggested that structural modification causing relative steepening of seabed topography resulted in increased turbidity-current velocity, fluid volume discharge, and associated sediment load, which overcame the normal downslope loss of sediment due to overbank sedimentation. This study shows that architectural style is strongly linked to slope topography, and that structural movements can influence the slope profile and flow process, resulting in modification of the morphology and dimensions of channel-levee systems.
INTRODUCTION
Direct observations of the sedimentary processes that control the evolution of submarine channels are rare. Documenting the facies, depositional elements, and stratigraphic architecture of channels provides valuable information needed to improve understanding of their processes and to unravel their morphological control and development. The temporal evolution of channel architecture is often inferred to be linked to changes of relative sea level. Falling sea level drives erosional processes that lead to the initiation of an erosional container, and depositional processes fill the erosional container during sea-level rise (e.g., Deptuck et al. 2003; Posamentier and Kolla 2003; Samuel et al. 2003; Beaubouef 2004; Mayall et al. 2006; Gee et al. 2007; Cross et al. 2009 ). Studies of the downslope change of submarine channel architecture, however, highlight the importance of the longitudinal slope to basin-floor profile (McHargue and Webb 1986; Gardner and Borer 2000; Babonneau et al. 2002; Eschard et al. 2003) and the influence of the equilibrium profile on development of architectural style (Pirmez et al. 2000; Kneller 2003; Ferry et al. 2005) .
Using 3D seismic data from the central Nile Delta slope, this study investigates the architectural variation of the Noor channel-levee system and quantifies channel-levee system morphology (e.g., thalweg longitudinal profile, width, depth, levee thickness) to assess the influence of local slope tectonics and potential external factors (e.g., sea level, sediment supply) on the evolution of architectural style. Although quantification of submarine channel-levee systems is well documented for modern systems (e.g., Pirmez and Flood 1995; von Rad and Tahir 1997; Babonneau et al. 2002; Deptuck et al. 2007; Wood and Mize-Spanksy 2009) there are fewer subsurface examples (e.g., McHargue and Webb 1986; Deptuck et al. 2007; Gee et al. 2007 ). Analysis of subsurface channel systems is challenging due to time-to-depth conversion of seismic data and possible compaction effects modifying the observed channel-levee morphology (Deptuck et al. 2007 ). However, 3D seismic data that image large subsurface volumes offer a unique opportunity to evaluate channel architecture and relationships to slope topography, and to describe and quantify systems over distances far exceeding outcrop data (Normark et al. 1993) .
By examining and quantifying the Noor channel-levee system and placing it in context on the Nile Delta slope, it is possible to gain a clearer understanding of the controls on channel location, architecture, and evolution, which allows depositional models to be developed that can be applied to slope channels on other continental margins.
Rosetta Fault strikes NE-SW and can be traced for approximately 100 km in the study area (Fig. 1B) . The ENE-WSW-trending NDOA is located to the northwest of the Rosetta Fault in the western part of the study area (Fig. 1B) . The asymmetric NDOA has a steeper northern limb and an axis that plunges to the ENE. In proximity to the Noor channellevee system, a fault-parallel fold developed , 10 km north of the central part of the Rosetta Fault with an axis trending nearly parallel to the Rosetta Fault (Fig. 1B) .
METHODOLOGY

Dataset
The 3D seismic survey covers an area of approximately 5700 km 2 and is located 25-50 km offshore the present-day coastline of Egypt ( Fig. 1) . The dataset is nearly zero-phase migrated, displayed as reversed polarity (SEG standard, Sheriff and Geldart 1995) and has a bin spacing of 25 3 25 m. The seismic interval containing the Pleistocene Noor channel-levee system has a frequency range of 40-60 Hz and an interval velocity of 1600 m/s. The resulting tuning thickness (vertical resolution) (l/4) is 5-10 m.
Stratigraphic Hierarchy and Architectural Style
The Noor is defined in this study as a channel-levee system on the basis of its morphology and stratigraphic hierarchy. It comprises two channellevee complexes made up of several channels and levees fed by the same canyon (Fig. 2) . A similar convention was used to describe the Amazon fan by Damuth et al. (1983) .
The Noor channel-levee system has been subdivided into different depositional environments to allow description of its morphology and architectural style. Four depositional environments are defined: (1) channel axis, (2) overbank, (3) abandonment, and (4) prodelta (Fig. 3) . Each depositional environment is characterized based on: (a) description of seismic facies; (b) interpretation of the sedimentary processes controlling facies deposition and definition of the depositional element; and (c) description of stacking patterns, both of the depositional elements and in a particular depositional environment.
Mapping
A basal erosion surface and a top surface were mapped along the length of the Noor channel-levee system to facilitate imaging of its fill (Fig. 3) . Over most of the Noor the mapped basal erosion surface truncates an underlying package of subparallel, continuous reflections. Mapping the basal erosion surface was challenging in the distal sections of the dataset because the underlying continuous and subparallel reflections are replaced with a chaotic, low-amplitude facies. In this area the basal erosion surface was mapped based on the boundary between the high-amplitude reflections of the channel-axis deposits and the underlying chaotic, low-amplitude facies.
The top surface was mapped as the first continuous reflection that could be traced above the Noor channel-levee system over most of its length (Fig. 4) . In the distal parts of the Noor, the surface is truncated by a mass-transport complex, and the base of the mass-transport complex was mapped as the top surface (Fig. 4C) .
Initially, the basal erosion surface was mapped along seismic strike lines (inlines) and maximum seismic amplitude extracted from between the basal erosion and top surface. This amplitude extraction was used to generate 35 cross sections oriented perpendicular to the channel-levee TABLE 1.-Range and average calculations (depth converted using a constant velocity of 1600 m/s), through each reach, for the following measurements; a) relief of the basal erosion surface (average of east and left flanks to thalweg unless demarcated by ', which indicates the shallowest point on the flank was used), and width, b) outer-levee thickness, and c) width and thickness of the channel-form high-amplitude reflections (CF HARs). All measurements were taken along cross sections oriented perpendicular to the channel-levee system at variously spaced intervals along the length of the Noor channel-levee system. Aspect ratio (Ar) was calculated for the basal erosion surface to allow comparison with other systems. CF HAR 1 represents the oldest channel-form HAR identified along any given cross section. Because it was not possible to accurately correlate CF HARs downslope, CF HAR 1 may not actually be the same CF HAR throughout the length of the system, and superposition is not necessarily obeyed. * 5 only one measurement taken within this reach. system. The pick of the basal erosion surface was then refined using the cross sections. The second and more detailed phase of mapping was carried out using cross sections spaced 25 to 125 m apart, located between the initial set of 35 cross sections. The deepest part of the basal erosion surface is defined as the Noor thalweg (Fig. 3) , and the near vertical margins are termed sidewalls (Fig. 3) . Subhorizontal sections of the basal erosion surface on either side of the sidewalls are referred to as flanks (Fig. 3) . Cross-sectional changes in geometry of the basal erosion surface define inflection points (Fig. 3) , and where several pairs of inflection points are identified, the shallowest pair is used to mark the contact between sidewalls and flanks (Fig. 3) .
Five surfaces in the Noor channel-levee system (termed internal surfaces) that mark the top or base of a distinctive seismic facies were also mapped and are numbered 1 to 5 (Figs. 3, 4 , 5). It has not been possible to map internal surfaces in the channel axis deposits due to their discontinuous and crosscutting character. To document the plan-form geometry of these channel-axis deposits, isoproportional slicing between the basal erosion surface and top surface was carried out and maximum seismic amplitude was extracted between the isoproportional slices.
Quantification
Detailed measurements in two-way travel time (TWTT) of the thalweg, inflection points, flanks of the basal erosion surface (east and west), and outer levee crests (Fig. 3) were taken every 125 m along the length of the Noor, and their respective longitudinal profiles are presented in Figure 6 . From these measured parameters, the relief of the basal erosion surface and the thickness of the outer levees were determined. For specific reaches, the range and average of these parameters are presented in Table 1 . Depth conversion was carried out using interval velocities extracted from a nearby exploration well that intersects the axis of a comparable channel located at a depth similar to that of the Noor. Sediment velocities range from 1600 to 1680 m/s, and a constant sediment velocity of 1600 m/s was applied to the interval between the basal erosion surface and top surface. Measurements presented in Table 1 are therefore minimum values.
The width of the basal erosion surface and the width and relief of seismic facies characterized by channel-form high-amplitude reflections (CF HARs) located in the channel-axis environment were measured along 35 cross sections oriented perpendicular to the channel-levee system (Table 1) .
To better represent the morphology of the basal erosion surface in the proximal parts of the Noor, the shallowest point on the flank of the basal erosion surface was also measured, as well as the shallowest pair of inflection points (Fig. 3) . In all other reaches, only the shallowest pair of inflection points were measured (Fig. 3) .
A layer-cake depth conversion was carried out to assess if variable overburden and velocity has modified the morphology of the longitudinal profiles in TWTT. Each layer was assigned a constant interval velocity or a velocity function derived from nearby well data. A constant interval velocity of 1470 m/s and 1600 m/s was used for seawater and the channellevee system (basal erosion surface to top surface) respectively. For the overburden (top surface to seabed) a function that describes the velocity change with depth (V o and k; Slotnick 1936; Al-Chalabi et al. 1997a , 1997b ) was used. No major changes to the shape or morphology of longitudinal profiles were observed after depth conversion.
To better represent the morphology of the Noor the depth-converted aspect ratio (width:relief) of the basal erosion surface and the thalweg slope (m/km) were determined for specific settings along the length of the Noor and compared with similar settings along several analogous channel-levee systems (e.g., Indus, Zaire, and Amazon). As a result of burial and resultant flattening of the thalweg longitudinal profile, the measurements of the thalweg slope (m/km) of the Noor are minimum values.
Decompaction
To assess the impact of compaction on levee thickness, a decompaction workflow was carried out using 2D Move TM software. A seismic dip section located west of the Noor was used (Fig. 1B) . Depth conversion of several mapped reflections was carried out first ( Fig. 7A ) and then decompaction (Fig. 7B ). The overburden above the interval containing the Noor system was subdivided into three units, and each unit was assigned a constant-interval velocity (Table 2) (Fig. 7) . Several different constant interval velocities were used for each interval rather than one value for the entire overburden as was used to depth convert the longitudinal profiles ( Table 2 ). The velocity data used for depth conversion were provided by BG Group based on well control. Data on porosity and depth coefficients are standard values. The change of interval thickness after decompaction was calculated for two positions (A and B; Fig. 7 ) located across the northern limb of the NDOA axis in order to assess the impact of compaction on levee thickness.
GEOMORPHOLOGY OF THE NOOR CHANNEL-LEVEE SYSTEM
From observation of systematic changes in the trend of the basal erosion surface and character of the thalweg longitudinal profile, the Noor channel-levee system was subdivided into three segments along its length, termed upper, middle, and lower reaches. The upper reach extends 15 km down the thalweg from the updip mapped extent of the system (Fig. 6A) . The middle reach is located between 15 and 33 km, and the lower reach extends from 33 km to the northern edge of the dataset (Fig. 6A ).
Basal Erosion Surface
Through the upper and middle reaches the basal erosion surface is characterized by one curvilinear erosional trough (Fig. 8A ). In the upper reach the system trends NNE, near parallel to the Rosetta Fault, until the start of the middle reach, when the trend changes to north (downslope directions) (Fig. 8) . Through the middle reach, the channel system is deflected around the east-plunging nose of the Nile Delta Offshore Anticline (NDOA), as the trend of the basal erosion surface changes from N to NNW (Fig. 8) . In the lower reach, two channel-levee complexes are observed: the eastern and western (Fig. 8) . Each complex has its own mapped basal erosion surface, and the two surfaces merge upslope at the avulsion node that defines the boundary between the middle and lower reaches (Fig. 8) . The older, eastern channel-levee complex was abandoned when the younger western channel-levee complex became active. The western complex progressively diverges away from the abandoned eastern complex in a downslope direction, following a relatively consistent NNW trend (Fig. 8) .
The maximum thickness (, 550 ms TWTT or 450 m) of the channellevee system is located in the upper reach, towards to the Rosetta Fault (Fig. 8C ), decreasing to , 120 m (150 ms TWTT) in the lower reach (Fig. 8C) . The minimum thickness of the channel-axis deposits is coincident with the maximum point of thalweg convexity, observed approximately 25 km along the thalweg, in the middle reach (Y in Figs. 6A, 8C ).
Upper Reach.-The relief and cross-sectional geometry of the basal erosion surface change rapidly over the first 15 km. Through the initial 6 km, relief and width of the basal erosion surface, as measured using the shallowest pair of inflection points, is , 150 m and , 3.5 km respectively (Figs. 6A, 9A, B) . Using the shallowest points on the flanks these measurements increase to , 300 m and 10 km (Figs. 6A, 9A , B). Over this segment, the time-dip map of the basal erosion surface shows that the boundary between sidewalls and flanks is weakly defined (Fig. 8D) . Downslope, between 6 and 15 km, the boundary becomes a prominent feature and the plan-form morphology of the sidewalls is arcuate (Fig. 8D) . In this distal segment of the upper reach, relief and width of the basal erosion surface is 150-200 m and 4 km respectively (Figs. 6A, 9C, D) . Measured from the shallowest point on the flanks, relief is 280 m (maximum) and width 10 km (Figs. 6A, 9C, D) .
Part of the confinement of the channel-axis deposits in the proximal upper reach is related to the concave-up flanks, which mirror the synform geometry of underlying reflections (Fig. 9A, B) . Through the distal part of the upper reach, confinement of the channel-axis deposits by the basal erosion surface is related to an increase of relief and sidewall steepening (Fig. 9C, D) . Throughout the upper reach the thalweg has a concave-up longitudinal profile (Fig. 6A) .
The point at which an increase in relief of the basal erosion surface and the arcuate plan-form morphology of the sidewalls is observed (6 km downslope) is immediately upslope of a prominent break in thalweg slope (Fig. 6A ). This break in slope, or knickpoint, marks the boundary r FIG. 6.-Results of quantification of the Noor channel-levee system. A) Vertically exaggerated plot along the full mapped length of the Noor system. The thalweg longitudinal profile is described based on its concave-up or convex-up shape. A break of thalweg slope, or knickpoint, at 15 km marks the boundary between the upper and middle reaches which is coincident with the axis of the fault-parallel fold. An increase of thalweg TWTT/depth located between 15 and 18 km marks the face of the knickpoint (KPF). The middle reach shows a convex-up thalweg-long profile with the minimum point of convexity marked by Y, which coincides with thinning of the Noor channel-levee system observed in Figure 8C . The avulsion node, at approximately 33 km downslope, separates the middle and lower reaches. Locations of seismic sections shown in Figures 9 to 11 are shown. Note the downslope decline of relief of the basal erosion surface (area between thalweg and flanks) and increase of relief of the basal erosion surface in the distal upper reach, upslope of the knickpoint. Symbols represent outer-levee crests 1 to 3 see part B for key. B) Expanded section between 25 and 44 km to show the measurements of the outer-levee crests. The eastern levees (solid shapes) are always shallower, and the levees are therefore thicker than the western levees. The eastern levee 1 thickens downslope. CS 5 channel system, CLC 5 channel-levee complex, E 5 eastern, and W 5 western. This figure is in color in the online version. 
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between the upper and middle reaches and is also coincident with a change of system trend from NNE to N (Fig. 8 ).
Middle Reach.-Over the first 2.25 km of the middle reach, the thalweg depth increases by , 100 m (, 120 ms), marking the face of the knickpoint (Fig. 6A ). This coincides with the basinward limb of the faultparallel fold (Fig. 4) . Across the knickpoint, relief of the basal erosion surface decreases by , 20 ms (, 15 m) (Fig. 6A ), and at the downslope limit of the knickpoint the basal erosion surface shows a V-shaped crosssectional geometry (Fig. 10A, B) . Downstream of the knickpoint face, over the remaining 15 km of the middle reach, the thalweg displays convex-up geometry ( Fig. 6A ) and the basal erosion surface is U-shaped ( Fig. 10C, D) . Over this convex-up section the basal erosion surface swings round the east-plunging nose of the NDOA (Fig. 8 ). An overall decline in relief ( Fig. 6A ) and width (Table 1) of the basal erosion surface is observed downslope through the middle reach, although a subtle increase in relief (, 15 m) is observed at the point of maximum thalweg convexity (Y in Fig. 6A ). Basal erosion surface width is , 3.5 km in the area of the knickpoint, decreasing to 2.5 km at the boundary with the lower reach (Table 1) .
Lower Reach.-At the start of the lower reach, the eastern and western channel-levee complexes are observed (X in Fig. 8B ). The thalwegs of both exhibit concave-up geometry (Fig. 6 ). They display more irregular profiles compared to the single thalweg in the upper and middle reaches ( Fig. 6A) , which, in part, is due to difficulty in mapping the basal erosion surface over the region, related to changes in the underlying seismic facies. The thalweg of the younger, western channel-levee complex is, on average, located 150 ms (120 m) above the thalweg of the eastern complex throughout the lower reach ( Fig. 6A) . At the start of the lower reach, basal erosion surface relief of the eastern channel-levee complex is , 150 ms (120 m) (Fig. 6A) , and this declines downslope to a minimum of , 100 ms (80 m) (Fig. 6A) . The average width of the basal erosion surface of the eastern channel-levee complex is 2.3 km (Table 1) . It is possible to measure the relief of the western channel-levee complex only from 48 km downslope, where the thalweg has diverged sufficiently away from the eastern channel-levee complex to allow development of discrete flanks ( In summary, the basal erosion surface is a U-to V-shaped, curvilinear, erosional unconformity . 55 km long, , 50 to 300 m deep and , 4 km wide (although width locally reaches 10 km in the upper reach due to concave-up flanks). Large, U-to V-shaped erosional unconformities at the bases of channel-levee systems have been referred to as erosional fairways (Deptuck et al. 2003) , slope valleys (Samuel et al. 2003) , or master bounding surfaces (Gee et al. 2007) . In this study the erosional fairway term of Deptuck et al. (2003) is used.
Top Surface
The reflection mapped as the top surface was chosen based on its continuity along the length of the channel-levee system (Figs. 4, 5) . Reflections above the top surface are observed to downlap onto it (Fig. 5 ). The continuity of the top surface across the slope and recognition of downlapping reflections suggests that it is a candidate maximum flooding surface.
ARCHITECTURAL STYLE
Several seismic facies that have a similar seismic character and/or spatial proximity to one another form a depositional element. Depositional elements comprise (1) channel and channel fill, (2) margin failure, (3) inner levees, (4) outer levees, (5) remobilized, and (6) abandonment.
Channel and channel fill, margin failure, and inner levee elements were all deposited in the channel-axis environment, confined by the erosional fairway. Outer levees and remobilized outer levees were deposited in the unconfined overbank environment. The abandonment element sits above the confined channel axis and the overbank deposits, and extends east- The Noor is located in the interval Intra El Wastini (I.E.W.) Formation to basal slump (B.S.). A) At position A, which is located in a distal position across the northern limb of the NDOA (Fig. 1B) , the thickness change of the interval containing the Noor due to compaction was 19.62 m. B) At position B, which is located in a proximal position along the northern limb of the NDOA (Fig. 1B) , the thickness change of the interval containing the Noor due to compaction was 26.48 m.
FIG. 8.-Plan-form morphology of the Noor channel-levee system. The system swings around the east-plunging nose of the Nile Delta Offshore Anticline (NDOA) and is mapped updip in the hanging wall of the Rosetta Fault. KPF 5 knickpoint face. A) Time-structure map of the basal erosion surface showing its curvilinear trend. CLC west across the Noor (Fig. 3) . The abandonment element was partially confined by remaining accommodation (space for deposition ; Vail 1987) created by an underfilled erosional fairway. The architecture of each reach is described based on relationships between the depositional elements, and their relationship with the erosional fairway, top surface, and internal surfaces. In addition, measurements of several depositional elements are presented and a description of their stacking pattern is presented.
Channel Axis Deposits
Seismic Facies.-Channel axis deposits are characterized by highamplitude reflections (HARs). Several types of HARs are observed in the Noor channel axis: (1) a discontinuous basal HAR, (2) stacked discontinuous HARs, and (3) stacked discontinuous HARs with a channel-form cross-sectional geometry. HARs are believed to correspond to the thalweg (axial) deposits of channels (McHargue and Webb 1986; Deptuck et al. 2003) . Where similar seismic facies have been calibrated using core, as in the Mississippi and Amazon fans, they have proved to be coarser-grained sediments (e.g., Bouma et al. 1985; Manley et al. 1997) .
HARs Seismic Facies.-A basal discontinuous HAR (, 1 km wide) immediately overlays the thalweg of the Noor channel-levee system over the first 10 km of the upper reach (Table 3A) (Figs. 4, 9A, B) . Mayall et al. (2006) , studying channel systems from West Africa, interpreted a basal discontinuous HAR as basal lag deposited by turbidity currents that largely bypass channel systems. Given that basal lags typically range from less than a meter to 5 m thick (Mayall et al. 2006 ) and the vertical resolution of the seismic data in this study is between 5 and 10 m, it seems unlikely that the discontinuous basal HAR observed in the Noor channel-levee system directly images a discrete basal lag. Rather it represents the overall impedance contrast between a basal deposit (comprising the lag and/or initial coarse-grained channel fill), the overlying sediment, and sediment underlying the erosional fairway.
Stacked, discontinuous HARs (D-HARs) are predominantly located over the first 18 km of the Noor channel-levee system, confined by the sidewalls of the erosional fairway (Table 3A) (Figs. 9-11A, B) . The maximum seismic amplitude extraction between isoproportional slices that intersect stacked D-HARs in the upper reach (Figs. 9C, D, 12E) shows that D-HARs often fill the entire width of the erosional fairway and show no sinuous plan-form geometry (Fig. 12E) . Similar stacked discontinuous HARs identified in the Indus Fan have been interpreted to be coarse-grained thalweg deposits from laterally migrating channels that underwent little vertical aggradation (McHargue 1991) . Although this interpretation may be applicable to the D-HARs in the Noor channellevee system, additional information (e.g., core data or higher-resolution seismic data) would be required to confirm this.
The third type of HARs seismic facies is characterized by a distinctive cross-sectional channel form (Table 3A) (Figs. 9, 10C , D, 11C, D). They comprise stacked D-HARs that widen upward and are flanked by a transparent to low-amplitude seismic facies (Fig. 9C, D) or stacked DHARs, which clearly sit within a channel-shaped erosion surface that truncates underlying reflections (Fig. 11C, D) . Based on their channelshape cross-sectional morphology these seismic facies are termed channelform HARs (CF HARs). CF HARs range from 40 to 130 m in thickness and are generally 1 to 1.5 km wide, although they can reach , 3 km wide in the lower reach (Table 1) . CF HARs are observed along the length of the Noor channel-levee system occupying a progressively greater proportion of the channel axis environment downslope (Figs. 9-11 ). In the upper reach CF HARs are flanked by levees that are confined by the erosional fairway (inner levees; Fig. 9A, B) . Throughout the middle and lower reaches CF HARs can be confined and unconfined by the erosional fairway (Figs. 10C, D, 11C, D) . The latter are flanked by levees that are unconfined by the erosional fairway (outer levees; Figs. 10C, D, 11C, D) . The maximum seismic amplitude extraction shown in Figures 12B and  12C images CF HARs located in the distal middle reach and lower reach that in cross section show a multistory and laterally offset stacking pattern (Figs. 10C, D, 11C, D) . In the distal middle reach the plan-form morphology of the CF HARs is observed to be patchy with no clearly distinguishable sinuous features (Fig. 12C) . By contrast in the lower reach, CF HARs show sinuous geometries and are clearly laterally offset towards the east (Fig. 12B) .
Based on their cross-sectional stacking pattern and plan-form geometry the channel-form HARs are interpreted to represent the cut, fill, and relative abrupt relocation of channels within the channel belt leading to lateral stepping of a meander loop (Figs. 11C, D, 12B ). The relocation is considered abrupt relative to channels characterized by the deposition of lateral accretion packages (e.g., Abreu et al. 2003) . Abrupt relocation of channels has been observed in the Indus fan and interpreted to have been a result of a widening through time of the channel belt and movement of erosive flows towards the outer side of the bend that eventually cut a new channel (plugand-cut of Deptuck et al. 2007 ). The stacked D-HARs associated with the CF HARs are interpreted to represent impedance contrasts within the aggradational fill of individual channels in the channel belt.
In summary, the HARs seismic facies in the Noor channel-levee system are located within the confines of the erosional fairway or between levees. All of them are interpreted as being related to channels or channel fill and hence form the channel and channel-fill depositional element.
Channel Stacking Patterns.-A systematic change of stacking pattern of the CF HARs is observed downslope. In the upper reach and proximal 3 km of the middle reach, only isolated CF HARs are observed (Fig. 9) . In the distal middle reach, multistory CF HARs with a component of lateral offset are observed, largely confined by outer levees (Fig. 10C, D) . In the distal lower reach, both the eastern and western channel-levee complexes are characterized by multistory CF HARs with a component of lateral offset that are confined by the erosional fairway as well as by outer levees (Fig. 11C, D) .
Non HARs Seismic Facies.-Three seismic facies not characterized by HARs are identified in the channel-axis environment. At the base, immediately above the thalweg or located alongside the sidewalls of the basal erosion surface, two seismic facies are identified: (1) subparallel, medium-amplitude reflections inclined towards the sidewalls, and (2) r FIG. 9.-Architectural style of the Noor channel-levee system and morphology of the basal erosion surface through the upper reach. A) Uninterpreted seismic cross section across the proximal upper reach. B) Interpreted seismic cross section shown in part A indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. C) Uninterpreted seismic cross section across the distal upper reach. D) Interpreted seismic cross section shown in part C indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. BES 5 basal erosion surface, MTD 5 mass-transport deposit, K3 5 the reflection truncated by the thalweg of the basal erosion surface in the upper reach (Fig. 4B) . HARs 5 high-amplitude reflection, MARs 5 medium-amplitude reflection, D 5 discontinuous, C 5 continuous, CF 5 channel-form. Surface 2 demarcates the top of a transparent seismic facies interpreted as an outer levee. Surface 4 marks the base of the abandonment deposits, and surface 5 marks the base of the prodelta environment. Solid circles mark the inflection points, and solid squares mark the shallowest point of the flank used to measure the relief of the basal erosion surface. This figure is in color in the on-line version.
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chaotic, low-to medium-amplitude reflections (Table 3A) . Both seismic facies have a limited downslope extent and are most prominent in the distal part of the upper reach, immediately upslope of the knickpoint, where they coincide with the maximum relief of the basal erosion surface and arcuate sidewalls (Figs. 8D, 9C, D) .
Based on the inclination of the subparallel reflections towards the sidewalls of the basal erosion surface and the relationship to the arcuate sidewalls, these seismic facies are interpreted as rotational slide blocks developed through sidewall failure due to oversteepening or undercutting by gravity flows. The proximity of the chaotic seismic facies to the rotated slide blocks, arcuate sidewalls, and their limited downslope extent (, , 2 km) support an interpretation of formation through failure of the margins of the erosional fairway and remobilization. Since the rotated slide block and remobilized seismic facies are interpreted to have been deposited by a similar sedimentary process, together they form the margin-failure depositional element.
The remaining non-HARs related seismic facies is a wedge-shaped unit of medium-amplitude, subparallel, continuous reflections that thins away from channel and channel-fill depositional elements (Table 3A) . These are located in the upper reach, towards the top of the channel-axis environment, alongside channel-form HARs and are confined by outer levees (Fig. 9C, D) . The wedge shape is indicative of a levee. These levees are interpreted as inner levees on the basis of their location adjacent to CF HARs and between outer levees, and are similar to the inner levees described by Deptuck et al. (2003) from the Indus fan and the low levees of Piper et al. (1999) from the Hueneme submarine fan. Inner levees have been suggested to form through overbank sedimentation from channels located in an erosional fairway (Deptuck et al. 2003) . Inner levees are observed only in the distal upper reach of the Noor channel-levee system, where their location coincides with the area of greatest relief of the basal erosion surface (, 280 m Fig. 6A ) (Fig. 9C, D) .
Overbank Deposits
Seismic Facies.-The overbank environment is characterized by the following seismic facies: (1) chaotic reflections of variable seismic amplitude (Fig. 9A, B) , (2) transparent units (Fig. 9C, D) , and (3) continuous reflections of variable seismic amplitude that converge away from the channel axis (Table 3B) (Figs. 10C, D, 11) .
Based on the seismic character and location in the overbank environment, the chaotic seismic facies are interpreted to have developed from localized post-depositional remobilization of overbank deposits and are termed the remobilized overbank depositional element. These deposits may be remobilized sediment, which was initially deposited by the overbank sedimentation of turbidity currents from the confines of the erosional fairway (i.e., outer levees) or unrelated to overbank sedimentation and remobilized adjacent prodelta deposits. The transparent unit is interpreted as outer levee based on its location directly on the flanks of the basal erosion surface and thickening towards the channel axis (Fig. 9C, D) . Based on their cross-sectional shape and location above the flanks of the basal erosion surface, the continuous reflections of variable seismic amplitude that converge away from the channel axis are further interpreted as outer levees. These levees are comparable to the ''high levees'' of Piper et al. (1999) , the ''master bounding levees'' of Posamentier (2003) , and the ''outer levees'' of Deptuck et al. (2003) .
The presence of these depositional elements in the overbank environment changes successively downslope. The remobilized deposits are observed over the first 8 km (Fig. 5) . At 8 km the remobilized deposits truncate outer levee (Fig. 5) . From 8 to , 25 km, the overbank environment is characterized by the transparent outer levee (Figs. 9C, D,  10A , B) and from 25 km, until the northern edge of the dataset three outer levee units, which are recognized based on a vertical change of seismic amplitude, are observed (Figs. 10C, D, 11 ). These units are defined by mapped internal surfaces 1 to 3 (Figs. 10C, D, 11C, D) . The two oldest internal surfaces, 1 and 2, have tentatively been mapped upslope into the upper reach (Figs. 5, 9C, D) . This mapping is tentative, because the seismic amplitude between the erosional fairway and internal surface 1, and between internal surfaces 1 and 2, changes downslope as the Noor channellevee system crosses the fault-parallel fold (Fig. 5) . In the upper reach the seismic facies between internal surfaces 1 and 2 is transparent (Fig. 9C, D) , becoming high amplitude in the middle reach (Fig. 10C, D) . The downchannel change of seismic amplitude may represent a downslope or temporal evolution of flow properties (e.g., grain size).
In the distal middle and lower reaches of the Noor channel-levee system the outer levees are located alongside channel-form HARs (Fig. 10C, D ). This contrasts with outer levees observed in the Indus fan and the Arabian Sea (Deptuck et al. 2003) and in the Gulf of Mexico (Posamentier 2003) , which are located alongside inner levees rather than channels and channel-fill elements. Unfortunately, in the Noor channellevee system, is has not been possible to determine the timing relationship between the outer levees and development of the channel-form HARs.
The time-dip map of internal surface 1 through the lower reach reveals a series of bed forms with crests orientated 40u to the Noor thalweg (Fig. 13) . A dip section across these bed forms reveals that they stack upslope (Fig. 13D ). Based on their upslope stacking character and location in an outer levee they are interpreted as sediment waves (c.f. Migeon et al. 2001; Wynn and Stow 2002) . The orientation of these sediment waves with respect to the Noor suggests that a component of overbank sedimentation trended oblique to the Noor thalweg.
Quantification.-The depths of the outer levee crests were measured downslope of 25 km (between 25 and 45 km; Fig. 6B ). Uncertainties associated with correlation of internal surfaces 1 and 2 and the potential diachronous nature of the outer levees upslope of 25 km prevents accurate measurement of levee thickness. The thickness of the eastern outer levee units 2 and 3 cannot be assessed downslope of 35 and 38 km respectively since they are eroded by a mass-transport complex (Fig. 5) .
The eastern, outer levee units are always thicker than the western, and the thickness of several outer levee units increases downslope (Table 1) (Fig. 6B) . The average thickness of all three western outer levees increases by at least 15 m downslope from the distal middle to the proximal lower reach (Table 1) . From the middle to lower reach, the eastern outer levee 1 thickens downslope by a minimum of 55 m (Table 1) (Fig. 6B) . r FIG. 10.-Architectural style of the Noor channel-levee system and morphology of the basal erosion surface through the middle reach. A) Uninterpreted seismic cross section across the proximal middle reach. B) Interpreted seismic cross section shown in part A indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. C) Uninterpreted seismic cross section across the distal middle reach. D) Interpreted seismic cross section shown in part C indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. Note the multistory stacking pattern of the CF-HARs with a component of lateral migration. BES 5 basal erosion surface, K3 5 the reflection truncated by the thalweg of the basal erosion surface in the upper reach (Fig. 4B) . HARs 5 high-amplitude reflection, D 5 discontinuous, C 5 continuous, CF 5 channel-form. Surfaces 1, 2, and 3 demarcate the top of the outer levees. Surface 4 marks the base of the abandonment deposits, and surface 5 marks the base of the prodelta environment. Solid circles mark the inflection points used to measure the relief of the basal erosion surface. This figure is in color in the on-line version.
Although it has dominantly been reported from other submarine channels that levees thin downslope (e.g., Pirmez and Flood 1995; Babonneau et al. 2002; Skene et al. 2002) , a recent study of channel-levee systems located offshore Trinidad and Tobago documented downslope levee thickening attributed to tilting of the seafloor resulting in an increase of overbank sedimentation over one side of the channel-levee system (Wood and Mize-Spanksy 2009) . Preferential overbank deposition on one side of a channel-levee system cannot explain the observed downslope levee thickening on both sides of the Noor. Furthermore, preferential overbank deposition cannot explain how the normal downslope loss of sediment due to overspill can be overcome (Pirmez and Imran 2003) . Levee architecture is intimately linked to channel width and depth (Skene et al. 2002; Keevil et al. 2007) , and slope (Keevil et al. 2007 ). Relationships between levees, the width and depth of the erosional fairway, and thalweg slope of the Noor are explored in the discussion to attempt to account for this unusual process.
Apparent downslope levee thickening related to the downslope decline of overburden thickness causing a downslope decrease of levee compaction is considered. At two positions, 20 km apart, located on the northern limb of the NDOA the results of depth conversion and decompaction are presented ( Table 2 ). The change of thickness of the interval containing the Noor (I.E.W. to B.S; Fig. 7) , at positions A and B, due to compaction was 19.5 m and 26.5 m respectively (Table 2 ). Therefore, due to compaction, the thickness of the interval containing the Noor changed by 7 m from position A (downslope) to B (upslope). Since downslope levee thickening between 15 to 55 m has been identified, a 7 m change of sediment thickness between r FIG. 11.-Architectural style of the Noor channel-levee system and morphology of the basal erosion surface through the lower reach. A) Uninterpreted seismic cross section across the proximal lower reach. B) Interpreted seismic cross section shown in part A indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. The eastern outer levee of the western channel-levee complex drapes the eastern channel-levee complex (CLC), indicating that the avulsion took place as the eastern CLC was abandoned. C) Uninterpreted seismic cross section across the distal lower reach. D) Interpreted seismic cross section shown in part C indicating the seismic facies, basal erosion surface, top surface, and mapped internal surfaces. CF-HARs are multistory with a component of lateral migration. MTCb erodes the top of the Noor channel-levee system, and the base of Noor erodes into MTCa. No outer levee is observed above the western flank of the western channel-levee complex (CLC), where instead an MTD (remobilization of outer levees) is observed. BES 5 basal erosion surface, K3 5 the reflection truncated by the thalweg of the basal erosion surface in the upper reach (Fig. 4B) . HARs 5 high-amplitude reflection, D 5 discontinuous, CF 5 channel-form, MTC 5 mass-transport complex, MTD 5 masstransport deposits (remobilization of outer levees). Surface 1 demarcates the top of outer levee 1. Solid circles mark the inflection points used to measure the relief of the basal erosion surface. This figure is in color in the on-line version. positions A and B indicates that the downslope levee thickening observed along Noor was related to syndepositional processes and not an apparent thickening related to an increase of postdepositional compaction upslope as overburden thickness increases.
Abandonment Deposits
Seismic Facies.-The abandonment depositional environment is characterized by medium-amplitude continuous reflections (Fig. 9A, B) and high-amplitude discontinuous reflections (Table 3B) (Figs. 9C, D,  10A, B) . The base and top of this environment are demarcated by two mapped internal surfaces, numbered 4 and 5 respectively (Figs. 9, 10A , B). Both internal surfaces demarcate a vertical change of seismic facies. The basal internal surface (4) separates the HARs seismic facies of the channel and channel-fill element, and the chaotic and continuous reflections of the remobilized and outer levee elements from the abandonment deposits (Fig. 9) . The upper internal surface (5) separates the abandonment deposits from overlying high-amplitude continuous reflections which downlap onto the top surface (internal surface 5) of the abandonment environment (Figs. 5, 9 ). The abandonment deposits thicken upslope (Fig. 5) .
A similar upslope thickening of deposits has been identified in Pliocene channels in the Nile Delta and interpreted to represent an abandonment succession, related to the final stages of the fill of an erosional fairway (Cross et al. 2009 ). The Pliocene abandonment deposits consist of mudstones, siltstones, and minor thin-bedded sands (Cross et al. 2009 ); however, no core data are available in the Noor.
Prodelta Deposits
Seismic Facies.-A package of progradational, high-amplitude reflections that downlap onto the abandonment, overbank, and channel-axis deposits are interpreted as prodelta deposits (Figs. 4, 5) . In cross section r FIG. 12.-Plan-form geometry of the channel and channel-fill depositional elements. A) Map showing the locations of the area covered by the maximum-seismic amplitude extractions and Figures 9 to 11 . B) Maximum seismic-amplitude extraction between two isoproportional slices in the lower reach of Noor. The location of the isoproportional slices are demarcated in green on the seismic cross sections. CF-HARs are offset to the east, causing the meander bend to migrate laterally. C) Maximum seismic-amplitude extraction between two isoproportional slices located in the middle reach. Note the fragmented character and lack of sinuosity of the channel and channel-fill elements within the erosional fairway. D) Maximum seismic amplitude extraction between two isoproportional slices located across the middle and distal upper reaches. The isoproportional volume intersects stacked discontinuous, high-amplitude reflections (D-HARs) that occupy the entire width of the erosional fairway. Note their sinuous plan-form geometry, which is much wider than the CF HARs in the lower reach (part B). E) Maximum-seismic amplitude extraction between two isoproportional slices located in the upper reach of Noor. As in part D, stacked D-HARs are intersected by the isoproportional volume to show that they fill a large portion of the width of the erosional fairway. TABLE 3B.-Seismic facies in the overbank, abandonment, and prodelta environments. Based on an interpretation of the sedimentary processes responsible for deposition of the facies, each facies is interpreted as a depositional element. BES 5 basal erosion surface. Three outer levees are identified by vertical changes of seismic amplitude. In the lower reach, where the prodelta deposits thicken above the thinnest parts of the outer levees, the levees have been remobilized.
(E-W) these high-amplitude reflections are continuous across the Noor system in the upper and proximal middle reaches (Table 3B) (Figs. 9,  10A , B,). In the distal lower reach they are discontinuous, characterized by imbricate geometries, and they thicken above the thinnest parts of the underlying levee deposits in the distal middle reach (Table 3B) (Fig. 10C,  D) . Based on the observed change in thickness, prodelta deposits are interpreted to have infilled remnant topography above the abandoned Noor system.
DEFORMATION
Several observations suggest that the Noor channel-levee system developed during a time of activity on the Rosetta Fault, NDOA, and the fault-parallel fold. These observations are: (1) local thickness variations of the seismic interval containing the Noor channel-levee system in the hanging wall of the Rosetta Fault (Fig. 14A) , (2) systematic changes in the trend of the channel-levee system with respect to the Rosetta Fault, NDOA and fault-parallel fold (Figs. 1, 8, 14A ), and (3) erosional truncation beneath the Noor coincident with the hinge of the faultparallel fold (Fig. 4B ).
Pre-Noor Deformation.-The gross interval isochron that contains the Noor channel-levee system shows an elongate sediment thick in the immediate hanging wall of the Rosetta Fault and trending parallel to the fault (Fig. 14A) . The sediment thick is , 20 km wide and extends , 10 km north of the central part of the Rosetta Fault, where it is observed to thin (Fig. 14A) . This thickened sediment package is coincident with the synform geometries observed in the hanging wall of the Rosetta Fault (Fig. 14B, C) .
The location and plan-form geometry of the sediment thick indicates that structural movement, associated with the Rosetta Fault, was responsible for accommodation generation in the immediate hanging wall and due to a reduction of lateral tilt away from the fault, thinning to the north. Based on the spatial relationship between the thickened area and the Rosetta Fault it is suggested that structural movement on the Rosetta Fault influenced seafloor topography and, subsequently, deposition. The thinner area to the north represents the fault-parallel fold that is defined by a N to S change of seafloor dip direction (Fig. 14A) . Towards the south of the fault-parallel fold, the seafloor dipped towards the Rosetta Fault and to the north of the fold; as the influence of the Rosetta Fault declined, the seafloor dipped to the north (Fig. 14A) . Based on the spatial relationship between the N-S change of seafloor dip direction and the Rosetta Fault it is suggested that the faultparallel fold was related to the Rosetta Fault.
Across the sediment thick located in the immediate hanging wall of the Rosetta Fault, the Noor trends NE and changes to the north as it crosses the fault-parallel fold (Fig. 14A) . Downslope of the fault-parallel fold, through the middle reach, the channel-levee system swings around the east-plunging nose of the NDOA, changing from a northward to a northwestward trend (Fig. 14A) . The spatial relationships between the changes of channel-levee system trend, the fault-parallel fold, the NDOA, as well as the observation that the erosional fairway truncates the axis of the fault-parallel fold (Fig. 4B) all suggest that the fault-parallel fold and the NDOA were topographic features on the seafloor prior to, and/or during the evolution of the Noor.
Post-Noor Deformation.-Reflections between the top surface of Noor and the seabed are offset up to 15 ms (, 20 m) by the Rosetta Fault, indicating limited post-Noor structural activity (Fig. 14B, C) . The low offset suggests that structural activity related to the Rosetta Fault has not significantly changed the morphology of the preserved longitudinal profiles. The fault-parallel fold is interpreted to have been produced by movement along the Rosetta Fault, and as post-Noor movement on the fault is considered negligible, late movement of the fault-parallel fold is also considered to be minimal. No evidence of later fault-parallel fold movement can be observed on the seismic.
Above the NDOA, folding of the seabed is observed (Fig. 5) , which indicates that uplift on the NDOA occurred after abandonment of the Noor channel-levee system, or that differential compaction occurred across the previously uplifted structure. Furthermore, above the NDOA, the thalweg and flanks of the Noor are convex-up, suggesting that postNoor deformation on the NDOA may have locally altered the longitudinal profile of the Noor (Figs. 5A, 6 ). This local deformation does not, however, influence the overall broadly concave-up thalweg longitudinal profile of the Noor.
DISCUSSION
Structural Control on Channel Location.-Changes in the trend of the Noor channel-levee system are observed to show a relationship with the location of the Rosetta Fault, the Nile Delta Offshore Anticline (NDOA), and the fault-parallel fold (Figs. 1, 8, 14A ). The Noor system changes orientation by approximately 120u from NE-trending in the immediate hanging wall of the Rosetta Fault to NNW-trending as the channel swings downslope around the east-plunging nose of the NDOA (Figs. 1,  8, 14A ). Seafloor topography related to local structural deformation is interpreted to have exerted a significant control on the location and trend of the Noor channel-levee system. Similar structural controls on the trend of submarine channel systems have been documented by McGilvery and Cook (2003) , Morgan (2004) , Gee and Gawthorpe (2006) , and Clark and Cartwright (2009) . Samuel et al. (2003) and Cross et al. (2009) show that several older Pliocene channel systems from the Nile Delta slope show no structural control on location and trend related to the NDOA despite their spatial proximity to the structure. Similarly, many Pleistocene channel systems show no influence on channel trend by the NDOA (Catterall 2010 ). These differences in channel-structure interactions are likely to be related to the relative rates of structural deformation and erosion and/or sedimentation. The Noor system reflects the situation where structural growth outpaced sedimentation, and thus channel location and trend were modified by local changes of seafloor topography driven, in this case, by tilting and fold growth.
Controls on the Downslope Change of Channel Morphology and Architecture.-The upper reach of the Noor is characterized by an erosional fairway that is 70-300 m deep and 10 km wide (Table 4) . This erosional fairway is flanked by relatively thin outer levees and is filled with deposits related to collapse of the fairway margins, isolated channels with adjacent inner levees, and thick abandonment and prodelta deposits (Figs. 9, 15A ). The presence of an erosional fairway and the fill of the Noor make it similar to the proximal reaches of several other major channel-levee systems, including the ''degradational'' section of the ancient Indus fan, which is characterized by an erosional fairway largely filled with prodelta muds (McHargue and Webb 1986) , and the canyon and canyon-mouth setting of the Pab fan, which is characterized by an erosional fairway flanked by thin outer levees (Eschard et al. 2003) .
The middle and lower reaches of the Noor channel-levee system are characterized by an erosional fairway 30-250 m deep and 2-4 km wide, which is flanked by multistory outer levees (Table 4) (Figs. 10, 11, 15A ). Channels, which show a component of lateral offset, fill the erosional fairway as well as accommodation created by aggradation of outer levees (Figs. 10, 11, 15A) . Similar multistory stacked channel-levees that lead to the development of channel-levee complexes located within and above the confines of an erosional fairway characterize the ''aggradational zone'' of the ancient Indus fan (McHargue and Webb 1986) , the ''upper channel-levee'' of the modern Zaire fan (Babonneau et al. 2002) , and the ''upper fan'' setting of the modern Amazon channel (Pirmez and Flood 1995) .
Comparison of the architecture of the Noor with several other channellevee systems suggests that the upper reach of the Noor is similar to a degradational canyon and the middle and lower reaches are equivalent to aggradational upper channel-levee and/or fan settings (Fig. 15B, C) . The downslope changes in Noor architecture are coincident with its broadly concave-up thalweg longitudinal profile, suggesting a relationship between architecture and thalweg slope. A similar relationship has been documented from the Amazon and Rhone fans, and offshore West Africa (Pirmez et al. 2000; Ferry et al. 2005) . Across upper slopes that are relatively steep compared to downslope, channel systems are dominantly erosional, whereas downslope, as thalweg gradient declines and flow size diminishes, aggradation dominates (Pirmez et al. 2000) .
In the Indus, Zaire, and Amazon fans, the transition from dominantly erosional to aggradational confinement is located at the base of the upper slope defined by the first major break in slope along the length of the channel system (McHargue and Webb 1986; Babonneau et al. 2002; Pirmez and Flood 1995;  Fig. 15C ). In the Noor, the transition takes place across the knickpoint, created by erosion of the fault-parallel fold by the Noor, suggesting that a change of seafloor topography driven by structural deformation controlled the location of the transition zone from a canyon to channel-levee.
Although the architectural styles of the Noor, Amazon, Zaire, and Indus systems change in a similar manor downslope, in the Noor the transition from a degradational to aggradational architecture takes place over , 60 km whereas in the Amazon the transition takes place over , 300 km (Pirmez and Flood 1995) (Table 4) . While high sedimentation rates, associated with a tropical climate, and older age of the Amazon compared to the Noor likely played a role in the increased length of the transition zone of the Amazon, the downslope reduction of erosional fairway size (width and relief) of the Noor and Amazon systems are comparable (Table 4) . Hence, the downslope reduction of erosionalfairway size is rapid in the Noor relative to the Amazon. In addition, the canyon to channel-levee transition zone of the Noor is also shorter in comparison to the Zaire systems (Babonneau et al. 2002) . The different length scales of the canyon to channel-levee transition zone of these four systems are likely to have been controlled by the interplay between TABLE 4.-The morphometrics of several turbidite systems, including the Noor, Zaire, Amazon, and Indus. For specific settings in each system the relief, width, and aspect ratio of the erosional fairway, and the thalweg slope (m/km), are presented. In addition, the length of each system and the duration over which the system has been active is also shown. The relief and width measurements of Noor are most similar to the Amazon system but are generally smaller than all other systems. In all systems aspect ratio increases downslope (i.e., erosional-fairway size declines) as a function of relief. The thalweg slope of Noor is steeper than the other systems, and the distance over which equivalent changes of architecture take place is greatly reduced. Summerhayes et al. (1978) , Coleman et al. (1981) , Brice et al. (1982) , Damuth and Flood (1984) , Milliman et al. (1984) , van Weering and van Iperen (1984) , Kolla and Coumes (1987) , Said (1993) , Wetzel (1993) , Hoorn et al. (1995) , Pirmez and Flood (1995) , Droz et al. (1996) 14.-Structural deformation. A) Isochron map (ms) of the interval from the near the base of the Pleistocene to key surface H. For stratigraphic orientation of these surfaces, see part C. The isochron map shows thickening into the immediate hanging wall of the Rosetta Fault, across which the upper reach of the Noor channellevee system trends NNE. Prominent thinning is marked by the 1250 ms contour, and this thickness change is coincident with the fault-parallel fold. B) Uninterpreted seismic strike section across the updip mapped limits of Noor (section location shown in part A). C) Interpreted seismic strike section shown in part A. A synform developed in the hanging wall of the Rosetta Fault. Across the Rosetta Fault, reflections between the top surface and seabed surfaces are offset by less than 20 ms. While these offset reflections indicate that post depositional activity on the Rosetta Fault took place, the activity is considered relatively insignificant in terms of causing major changes to the preserved longitudinal profiles. This figure is in color in the on-line version. longevity of the system (controlling total sediment supply) and margin physiography. Sediment caliber is not the most likely control on the observed differences of system morphology since the four systems are largely mud-rich or characterized by a large mud-rich component. In the case of the Noor system the relatively small length scale of the canyon to channel-levee transition zone, the relatively rapid downslope decline of erosional-fairway size, and steepened thalweg slope was controlled by the relatively short and steep nature of the Nile Delta slope, which is in part controlled by the compression tectonics of the eastern Mediterranean (Robertson and Dixon 1984; Le Pichon et al. 1995; Aksu et al. 2005 ).
The Impact of Flow Processes on Channel Architecture.-The location of the change from a degradational to aggradational architecture shows a relationship with the fault-parallel fold. Downslope of the fold, stacking of outer levees and channels above the confines of the erosional fairway is observed, whereas upslope erosional confinement, related to the erosional fairway, dominates (Fig. 15A) . Based on the relationship between the change of seafloor topography associated with the fault-parallel fold and channel-levee system architecture, flow processes were modified by seafloor topography leading to the observed downslope change of architecture. As well as changes of seafloor topography across the fold, the relief and width of the erosional fairway and Noor thalweg slope generally decreased downslope of the fold through the upper reach and middle reach (Table 4) . Middleton (1966) , studying straight channels, observed that as slope declines turbidity current thickness increases as a function of velocity reduction. Thus, as turbidity currents thickened downslope of the knickpoint they more likely overtopped the erosional relief of the curvilinear erosional fairway as it decreased downslope. This process may explain the onset of overbank turbidite sedimentation and levee development downslope of the fold.
Development of a hydraulic jump associated with the fold-related knickpoint may also have contributed to levee growth. Several authors have suggested that hydraulic jumps related to an abrupt shallowing of the slope lead to increased levee sedimentation adjacent to submarine channels (e.g., Menard 1964; Eschard et al. 2003) . Experimental work carried out by Garcia and Parker (1989) and Garcia (1993) showed that while increased bedload deposition coincides with the hydraulic jump, the zone of enhanced deposition of the suspended load is displaced downstream and hydraulic jumps can affect the suspended sediment load over a distance 1000 times the jump height. A zone of enhanced deposition of the suspended-sediment load related to the Noor knickpoint may also have contributed to the establishment of multistory outer levees downslope of the knickpoint.
In the Noor, downslope levee thickening was observed through the middle and lower reaches (Fig. 6B ). Downslope levee thickening is an unusual feature of submarine channel systems, in that it more typically has been reported that levees thin downslope (e.g., Pirmez and Flood 1995; Babonneau et al. 2002; Skene et al. 2002) . Pirmez and Imran (2003) suggested that downslope levee thinning is related to a downslope reduction of sediment as it is lost to overbank sedimentation. Downslope levee thickening in the Noor system might, however, be explained by an increase of suspended sediment load due to a hydraulic jump that overcame the normal down-channel sediment loss due to overbank sedimentation as suspended-sediment volume increased.
In the Amazon, Zaire, and Indus turbidite systems, the canyon to channel-levee transition zone is also marked by a knickpoint related to the base of the upper slope, however, no downslope levee thickening is observed (McHargue and Webb 1986; Pirmez and Flood 1995; Babonneau et al. 2002) . Therefore, development of a hydraulic jump related to a knickpoint is insufficient to explain downslope levee thickening. It is therefore concluded that the relatively steep slope across the northern limb of the NDOA, caused a downslope increase of overbank sedimentation, due to an increase of turbidity-current velocity and turbulence, which was sufficient to overcome the downslope loss of sediment due to overbank sedimentation.
Temporal Evolution.-Submarine channel-levee systems like the Noor that are characterized by an erosional fairway filled with multistory channels have been documented in turbidite systems other than the Zaire, Indus, and Amazon systems. These include the Pliocene offshore Nile Delta (Samuel et al. 2003; Cross et al. 2009 ), the Niger Delta (Deptuck et al. (2003) , the Gulf of Mexico (Joshua channel, Posamentier 2003) , and offshore West Africa (Mayall et al. 2006) . In these studies, authors have suggested that erosional fairways initiated during times of lowered sea level and that relative sea-level rise during channel-fill stages accounts for a decrease in sediment supply through time, leading to the observed fining-upwards trend, reduced size of younger channel-levees within and above the confines of an erosional fairway, and development of inner levees after outer levees (Deptuck et al. 2003; Samuel et al. 2003; Mayall et al. 2006 , Cross et al. 2009 ). The Noor channel-levee system shares some similarities with the aforementioned analogs, and its initiation and fill might therefore also have been influenced by changes in relative sea level. At present, this cannot be corroborated due to a lack of lithological calibration and dating control. A recent study of Pleistocene turbidite systems on the Nile Delta margin revealed that over the last 200 kyr turbidite systems were more active during periods of rising and high sea level associated with wetter climates (and increased sediment input) rather than during lowstands (Ducassou et al. 2009 ). While these Pleistocene turbidite systems comprise a canyon, a channel, and a lobe (Ducassou et al. 2009 ), their detailed architecture is however unknown.
The Noor is characterized by at least two temporal changes of flow properties; the first initiates the erosional fairway, and the second results in the fill. Several smaller-scale changes of flow properties may have led to the cut and fill of channels located within the erosional fairway as has been suggested in other studies (e.g., Deptuck et al. 2003; Samuel et al. 2003) . Multistory channels and outer levees associated with aggradation dominate the middle and lower reaches of the Noor. Previous workers have demonstrated that aggradation is the dominant process in situations of positive accommodation, when the thalweg of a channel sits below the equilibrium slope profile (Kneller 2003; Ferry et al. 2005) . Throughout the fill phase of the Noor, the middle and lower reaches were largely in a state of positive accommodation, allowing aggradation to dominate (Fig. 15) . The implication is that despite the Noor experiencing temporal changes of flow properties, its architectural style was largely governed by the slope profile. r   FIG. 15. -Schematic illustration of the depositional setting and architectural style of the Noor system and relationship to the equilibrium slope profile. A) Schematic diagram to show the downslope change of architecture of the Noor from a degradational to an aggradational style. B) Plan-form illustration of turbidite system morphology showing some of the terminology used in this study (modified from Kane et al. 2007 ). The downslope change from a canyon to upper channel-levee setting in the Indus, Amazon, and Zaire systems typically takes place across hundreds of kilometers. In the Noor it takes place across , 60 km. C) Schematic profiles of the continental shelf, slope, and equilibrium profile. D) Focus on the Noor channel-levee system to show its approximate location on the slope, thalweg longitudinal profile, and architectural style. The middle and lower reaches are in a state of positive accommodation, responsible for the observed aggradation of channels and outer levees.
CONCLUSIONS
A 3D seismic dataset allowed description of seismic facies and channellevee architecture, as well as quantification of the morphology of the Pleistocene age Noor channel-levee system (e.g., thalweg longitudinal profile, relief, width, and levee thickness) in order to better understand channelized-flow processes and resultant stratigraphic architectures. The Noor channel-levee system is located in a structurally complex area of the Nile Delta slope. Structural growth outpaced sedimentation, and channel location and trend were modified by local changes of seafloor topography driven, in this case, by fault-related tilting and fold growth.
Noor architecture changed downslope from a degradational canyonlike proximal reach to an aggradational middle reach, characterized by multistory channel-levees. This downslope distribution of architecture is similar to that found in the Zaire, Amazon, and Indus turbidite systems. Although many factors control the morphology of channel-levee systems, including the rate, type, and source of sediment supply, and sea-level fluctuations, this study demonstrates the strong link between architecture and the slope profile, supporting previous work from other depositional systems. The transition from a degradational to an aggradational architecture is associated with a break in slope in all four examples. What makes the Noor an important case study is the structural control on seafloor topography that is associated with the location of the transition and its short length scale.
The downslope decline of erosional-fairway size of the Noor and Amazon systems are similar, however, the length scale of this decline is significantly reduced in the Noor and its thalweg slope is steeper than that observed in other systems. Another feature is that in the Noor, levees are observed to thicken downslope. This is interpreted to be caused by a downslope increase of overbank sedimentation potentially related to the presence of a knickpoint but more likely due to the steepened slope profile, which produced an increase of turbidity-current velocity, thickness, and turbulence. This was sufficient to overcome the normal downslope loss of sediment due to progressive overbank sedimentation.
This study demonstrates the utility of quantifying channel-levee morphology in parallel with qualitative description of architecture to unravel the morphological control and development of submarine channels. This case study highlights the control of structural deformation on seafloor topography, and its impact on channel-levee morphology and architecture, which contributes towards the development of predictive models for the evolution of submarine channel-levee systems in other depositional systems.
